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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the photoelectric 
conversion efficiency of a semiconductor laser by providing 
a thin layer having a refractive index lower than those of 
cap layers between the cap layers. 

SOLUTION: A layer 110 having a refractive index lower 
than those of cap layers 109a and 109b are formed 
between the cap layers 109a and 10b. For example, the 
refractive index of the layer 1 10 is adjusted to 2.384 and 
those of the cap layers 109a and 109b are adjusted to 
2.554. Part of the light emitted from a active layer 106 are 
totally-reflected at the boundaries between the active layer 
105 and guide layers 105 and 107 and confined in the 
active layer 106, but another part of the light leaks to the 
guide layer 107 and further advances to the cap layer 
109a having a higher refractive index than the guide layer 
917 has. In this case, it is not necessary to take the other 
phenomenon than the leakage of the light toward the guide 
layer 107 into consideration. Since the light leaking to the 
cap layer 109a causes total reflection at a low angle at the 
boundary between the layer 109a and the low refractive 
index layer 110, the quantity of the light leaking to the cap 
layer 109 is remarkably reduced. 




COPYRIGHT: (C)1998.JPO 



14:15:10 



* ^ 

7*, 8' » 




(19)e*SftHF/r(JP) 



(a) 



m^r 10-242565 

(43)&08B ¥$10^(1998)93110 



(51)Int.Cl. a 




F I 








HO 1 S 


3/18 


HOIS 


3/18 










FD 


(£6JO 






(2i)mra« 


4fSl¥9-54159 




000005016 


















(22)fcH8SB 


W9^(1997)2M21B 




3&*fBBMKBJilTB4*l^ 












mm. m 












«fii@^ ^mg±M6TB is 























































(54) [|8f£©£ffi] tf 
(57) [»] 

lis] *«*»»*<oA^*«»u-trfcfttt-r* 

ffi*.fc*i!?fl;U-" tfK*i>T % *+y:TJfrt 



1 0 0 



J 



110 




10 2 



1 

Witt** y 7Jf(*i£4>fc < y?m'& & &jg$r*£ 

i/— if. 

«©4&iW*U'— !f. 

Cis^ 5 ] mm*m&.is--v ! <Dmmmm& sch 

(Separate Confinement Heterostructure ) 

t -tzm&m i - 4 (ov>-rn^K: t3«©^ 

tf. 

[if &m 6 ] Ga N^©*r«*»*,«J5£$*iS d £ 

«£«aff#JS l^SO^rft^fcga^O^ttU- 
lf. 

[000 1] 
[0 0 0 2] 

[0 0 0 3] E7.B\ l&fej&»£ffiV^ilTV<»iMQW- 
SCH (Multi-Quantum Well Separate Confinement H 
eterostructure ) *Hjg(DG aN^SftU- tf 

Tl^-S„ fe]^£*>V»T, ^»l/—lf 7 0 OK-y-^y-f 
7*>e>&3&t61 0 l±fCn§l©GaNjg 1 0 2#^/i 
G a N® 10 2 OiSHH!J{ifs][21t7j\"^" I fc, -5 txyf 
>^fc<fc »?— gB£Bfc£-£ft* nii 1 0 3 5&s^cd^{PjJ 

T^5. GaNJI 1 0 2<Dtp&&±{Z&vy h* 

if 1 0 4#%iUS^/£2*iTlv£ 0 
[0 0 0 4] VM1 0 4±£fcfc#-f KA 1 0 5, 

rg&Jg 10 6, tf-T YM 1 0 7. Kill 0 8, * 5 



(2) ftBB¥ 10-242565 

2 

+ yrs7 o 9, tetui 1 1, p^i i z&rnim 

[0 0 0 5] ±iELfcJ:a«:*»*l/— if7 0 0fcH^ 

^nfs^ji roe -C'i±m : ?-RwiijL(Dft% 1 uj[*<&fr&z 

tet>ti, «R®HSj|[)&^[Rik:i/~'tf^As^$ns. a 

10 -gflfcfctff KJg 1 0 5 Xfcfc 1 0 7 CD^fpjtMtf # 
-fh*/il0 5, 1 0 7^H0 6©JaW<fc!3fg^ 
S^T-ffiJ^-raiiiHitJ^ K® 1 0 5, 10 7K 

[0006] -r&t>*>, mmmifitis^yimfrzmmmifi 

i^mgOpM^M^K-trV^^T-fe^o iS 
20 iagp§y K-t^^Ktt, GaAlNiO^>K^+ y 

7-©/J^V>GaN©^^MSLVA„ ^t, *r*v7m 

7 0 9liGaAlNT«^fi5^7^ K® 1 0 8 «k & 

[0 0 0 7] GaN^CDMQW-S CH^i^l/— tfT* 
tt* tf'f r'Jg, rS^Jc^ft-e-ftGaN/ 
GaAlN/GaInN£/8^T:fc5x ^tt^tGaN 
/GaAlN©JS*f^(Z)lllC«toT^ KJPfcfSteJgfl 

[0008] 

30 [»W##fcU«fc3 £■*-«««] ±JBUfcJ:a3fc«jacD 

(08cd^^^#m) o 'zamtifc&ifi&mm&X' 

[0009] m^xammmm<DGa.AiNmt:. 
*)s p$imx-<D?tmK&&b&^-bfrtjim-&. j&ViHY 

[00 10] GaN^g&L—- tf, ZnSe^ 
^««:i/-1fK:*V^TttpSf 7 5»KS (GaN^CDii 
G a A 1 N®) *J5[<^tJStSCi:a«:3&Jffl|lT*S 

0 [0 0 11] C©B3®^^^-ria8<Z)>fc^S^ 



(3) 



"5i:f Sfc©T*&>), 7fe«£&»©&V^gftl'-- !f 
[0 0 12] 

< £ & * v 7"® J; *) b JS$f $©l£o<£J@$r*s©» 

[0 0 1 3] IS^2{cg2®0^^b-1fji > 
PlfifcpSi'??' KJicDIfflfcKpS^^y KJSJ: D 

tz, ftJfc«3fcga«©fcEU\ H^lXtt2K:ffi«© 

tre&oT, 7jf©ffiJi;£fSiic 

[00 14] i»#E4K§et8©S6llJ!tt, R^l 

tCga^©%TO> SJf#m~4fcK«to*$fcI>~"»f*e 

[00 15] 

mm] *&w&±mLtz£?£ s nrnttrvvYmv 

k£&*)^ 3fc©Sba»S&*Sli*DU £Jlii:LT#tl 
[0 0 16] 

[«W©H«g©^«] ##B!JB©¥#ftl'-' tftt, 

[0 0 1 7] 01 BU Z(DX.**mf&D*mit]'-V0 

Tx *»WlCt5^(*:U— If 1 0 Ott, t77-f7* 
£&£S&1 0 Ul:nS0GaNipf,i5:5GaNI 1 
0 2#fS®«sc*u GaNPl 0 2©M{if5]0t^-ri 
5 fcx*^>^fc,fc ft, niil0 3 

fctgffiSftT^So GaN/il 0 2©#ifeg&± 

Jc*5y KM 1 0 4#$jgflM£ftTi^So 
[0 0 18] FBI 04±fctt#-f KJ»1 0 5, 

fSteB 10 6, ^ KB 1 0 7, *7 9 KB 1 0 Zim 
JfcSftT^S. ^7^KI10 8±£tt*+y7 , Jgl 0 



10-242565 

4 

9 a, {£S#r^/l 110, ir^vym 1 0 9 b, 

iii, ps«ii i 2*ig*iiji$nT^j«$n, pa 

mi 1 2{i^U^^^OT®[5]i?§oiEM(c^^tiT 

[00 19] ±&{stz£?t£m&.\s— if 1 0 0£EI^ 
bfcv^$«EI&®&fr£>m£©m»E#p njg^-fc&s*- 

SStftfSM 1 0 6TfcfcS^&ittE?L©&#S££#:fec: 



io at^nfe^so— gisH:j(tt®ic:sii:-^3&v^fRncaii^ ^© 

-SBfcfcff-f HA 1 0 5Xfcfc 1 0 7 (DXfatzmtttz®, # 
KB 10-5, 1 0 7^fitt|10 6(Dfl|f$ct!)^ 
flff^TMtSCtfaO^ KB1 0 5, 1 0 7K 

[0020] ±§a®s*f*jg 1 1 o ©jstfr^ii** * y 

Ml 0 9a, 1 0 9 b©JS#r^ XmiOB 

mx&, m^tisM^mmi 1 oiiAi 0 .iaGao. 88 N 

20 T*#?fi££ft, Mmm&2. 4 8 4T-;fc'), *r+y7mi 
09a, 1 0 9b&GaNT-*tm£tU JB*f*tt2: 5 
5 4-^^5, 

[0 0 2 1] ilu&L;fc«fc 5 1 0 6T-^7fe^tlfc 

tsttji i o 6 ii-n-i h-iios, 107 <Dmm 

Ktf-f KB1 0 7*»>JB#ifs#jgv^*y:7Bl 0 9 a 

0 5-N©«nii*ttx sfis^ffiotBagufc^ 

30 #'J>& < jtfY KB 1 0 7 ©#l^©iift&#©^fcg2it 

?-fttf&l>. 

[0 0 2 2] ^^711 09atiimT^&M 
«E®*f*Jgl 1 0£:©ig#fc:;fc^T, 'J>HW&MX'£ 
£*t££lv 0 9b^®ftHj?-#fc;fctIt 

[0 0 2 3] ifT*«^Lfci/'— 

&&£&z>Mtif£-oux<DMtif : e7=)]/Rvntn.£mz-D 

^Xs 02-06, 0821^819 &#^LTI!i^1-S. 
40 Jakobs§«^t\ ^?yKIMh^y 
7Bi?*fc i SrSttMf^^©^©^ b&W*Utm b 

*^o^S»oTEt~Ftt, -jKKia6t:^tl 
*7C©»7jlliCT-a-r- ii^T-gS. 
[0 0 2 4] CCT", k 0 HJE£*©»» % xtt^Jg 

y (0) =0, Ey (L) =0hLT, g*>^{R!l©K© 

*a5*fflv>t*IBWfc:e«^»^TE^-K©fifiS* 
50 »5« 



(4) 



«rW¥ 10-242565 



c o o 2 5 ] g iz&mmmm<Dm%iM&z\ 

a, s =- 2 I m (/?) 

[0026] r«:sttig^o^bia«)^a, a m «m§ 

gg* oi tt»iR£*fc&«JlfeW.T-© 

^if£«&£^lh, #tB8S5-©SI*$2£7 0%, &f£ 
lmmi:t--5^^^-ic«};Sia$ic{i3. 6 cm- 1 

ai ttlO-lOOcm-'M^nSo 10 
[0 0 2 7] 08tt, ^^U-if#^F*gcDMM^ 

m<D^m^m m m t m$t*a*g % m l & kit- & -5 , 

0 8 cd&TON i O^JIigfeSittnlGa Ng^ 
T'V'iSo 

[0 0 2 8] 02-04&, #$BEK «fc£4^£ft:i'-1f 20 
©**y7*JgJlfc&fc*5y Kii^tcM-rs^m^© 

^b£^-r^££0T-&-5o E5fctt&fe©^ffci/— if 
© + V ^Jg@* i: ^ ^ «y ■ K Jgj?* id^r-r S W#lil&© 

03«***;/Jl©^MiCgEgL£^£\ 0 
4 <y :7®©#*© 1 /4 «lt3feJS WUftliSV^ 

g^SHg Lfc*©l^©^ft^ft©±I3^igi&a0£^ IsT^ 
{gM$r&m&, 0. 0 5/zm©Gao. ssAlo. iaN 
tfl&Sfc^tlT^*. 30 
[0029] 02-0 5 0**l*ft©«fB|fc^ K 
Ji©;p^£//mT-7^U «MH!tt3r*y:7Jl©J?*£|i|fc 

[0 0 3 0] bj&&&&cD<£T • 

fc*feSS&T-©i»JK£«fcoT£l^ *-vy:7Jg©J?*© 

»£*©.l£:*:fi§ttj->ETfcJ\ 2-3©^«E^e-K*s^-rs 

tz&>mzft'( vmfrzmtimu ^^^ym^tc^nm 40 

TU ***;7®rt©#&g#;*g<fe5££jg 
[0 0 3 1] H5©flUM)^U-W57tli, 

0. 4/imAVl. 3>umtt5fiT-&/h£fcSCh 

KJS©^©^fbtc^LT{*W«;}B^tt 50 



[0 0 3 2] GaAlN^7-yFi^f<nftb!3 

b&#>#j^ om-s & mm-? s z. t #x- 

[0 0 3 3] i2-vg]4©^H^^|$;i/- if©:*§-& 
05©^©^i/- tf©«^-€Jt«{«rsi: x * 
*y77i©jp*#0. 6^mWT©®^t|±mH 

la^t-Aat^^ix— tf©«figK:3au&^5y Kji 
ymvmmttimfr *&v>2>z.t &njmx- $> a 0 
[0034] ±&%LW'TH*mm&frw\zmm^fc#mi£ 

SLfc^Iz-lf©^*,, Jtffi&XttMfifl©***:/ 
I^iM^^tS^ttiD. -hgflUfc©*: 

W-SCH###U-in:|K£-*\ SQW (Single Qua 
ntum Well ) -SCH»l/- y\ ^:/;i/^D#f 
©ijM&ttV— tf N GaN^^l/- tfs ZnSep 

[0 0 3 5] Jil±JE*<fcJ:3l^ ***r»fcffiyB#f* 

h#T-££o d©73&£ffl^-5C£:ic:«fci) x GaAl 
N, GaInNg©Jayf^i:JKi?Mffll©«fS&««iU 

u~ tf co^m^ t *<Dmt < -r z & ? tc 

[003 6] 

v y KJg©|g|£gE* ^ v b'MX *) &B#r*£©i^l^^ y 

[0®©M&i£f$] 

im i i *^^t:*jt *^?!w*:i/-if©#ijift^-riaT 

[SI 2] tf©^ft$^-r^7 
7ffe5o 

[03] ^ftwiz&ifz^mteis-vcnft&z^-t-p^ 

[0 4] *«^{C43{ta^«SfrU— »f©#H$£7f>?-^ 
7T-S5. 

[0 5] ^OJHWU- »f©^tt§j^*r^7 7t«. 

•So 

[06] *awtu— »f*?©»wK:fflMfc-ttscft^-r 



(5) 



[07] «0^^l/-ifCD^^^t-ET-$.5o 
[0 9] (*#©#$ftl/ — tf©^^^-T0T-feS o 

[fl^ora] 

1 0 0, 7 0 0 • • • • #$#V— tf 
1 0 1 • • • ♦ £*g 
10 2 • • • • GaNJi 



8 

10 3 

10 4, 10 8 
10 5, 10 7 
10 6 

10 9a, 109b, 709 
110 

in • • • • am 

112 • • • • p® 



10-242565 



n-GaN^7y K. 
KJi 

.... 



[01] 



[02] 



1 00 



} 




10 2 



[03] 




0.10 0.15 02 



0.25 



R 



2 

1.8 
1.6 
1.4 
1.2 
1 

0.8 
0.6 
0.4 Y 
OS. 









— 1 J3M — 






R 



0.10 0.15 0.2 

9Jy mm- (*m) 

[04] 



8 

1.8 
1-6 
1.4 
14 
1 

0.8 



0.2 



0.10 0.15 0.2 

ifyy KIPS* (<im) 



0.25 





iaoa„ 














.„„,,— 








1 l_ 





0.25 



[06] 



(6) 



10-242565 



7 0 0 



4r 




0.10 0.15 0.2 

tjy km* Gm) 



8] 



0.25 




■i 



709 




102 



[09] 



(*ni) flfr* (l-3BOnm) 





Nl 


0. 


I 


x. 


78-2. 7 4 I 




GaN 


0. 


2~2. 0 


2. 


864 


*9y¥B 


A» mOHffiN 


0. 


10 


2. 






Q«N 


0. 


118 


2. 


6 54 






0. 


a o a 


a. 


868 




1 n o.c« 6 « imM 


0. 


0 OA 


2. 


891 


H» 


G»N 


0. 


1 


2. 


864 




A 1 &u°* «.U N 


0. 


34 


3. 


536 


«C 


OaN 


s. 


0 


3. 


5 54 



mq w - s c h u— pnmm 



